In this article, we investigate the contribution of the high twist Feynman diagrams to the large-p T single pseudoscalar and vector mesons inclusive production cross section in two-photon collisions and we present the general formulae for the high and leading twist differential cross sections. The pion wave function where two non-trivial Gegenbauer coefficients a 2 and a 4 have been extracted from the CLEO data, Braun-Filyanov pion wave function, the asymptotic and the ChernyakZhitnitsky wave functions are used in the calculations. For ρ-meson we used Ball-Braun wave function. The results of all the calculations reveal that the high twist cross sections, the ratio R, the dependence transverse momentum p T and the rapidity y of meson in the Φ CLEO (x, Q 2 ) wave function case is very close to the Φ asy (x) asymptotic wave function case. It is shown that the high twist contribution to the cross section depends on the choice of the meson wave functions.
I. INTRODUCTION
During the last few years, a great deal of progress has been made in the investigation of the properties of hadronic wave functions [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . The notion of distribution amplitudes refers to momentum fraction distributions of partons in meson in particular Fock state with fixed number of compenents. For the minimal number of constituents, the distribution amplitude Φ is related to the Bethe-Salpeter wave function Φ BS by
The standard approach to distribution amplitudes, which is due to Brodsky and Lepage [13] , considers the hadron's parton decomposition in the infinite momentum frame. A conceptually different, but mathematically equivalent formalizm is the light-cone quantization [14] . Either way, power suppressed contributions to exclusive processes in QCD, which are commonly refered to as higher twist corections. The meson wave functions (also called distribution amplitudes -DA) [1] play a key role in the hard-scattering QCD processes because they encapsulate the essential nonperturbative features of the meson's internal structure in terms of the parton's longitudinal momentum fractions x i . Meson wave functions have been extensively studied by using QCD sum rules. The original suggestion by Chernyak and Zhitnitsky of a "double-humped" wave function of the pion at a low scale, far from the asymptotic form, was based on an extraction of the first few moments from a standard QCD sum rule approach [5] , which has been criticized and revised in Refs. [6, 7] . Subsequently, a number of authors have proposed and studied the modified versions of meson [7, 8] and baryon wave functions [9, 10] . Additional arguments in favour of a form of the pion wave functions close to the asymptotic one have come from the analysis of the transition form factor γγ ⋆ → π 0 [12] . The measurements of this form factor by the CLEO collaboration are consistent with a near-asymptotic form of the wave function [15] . In [16] , the leading-twist wave function of the pion at a low normalization point is calculated in the effective lowenergy theory derived from the instanton vacuum. These results for the pion wave function at the low normalization point are close to the asymptotic form and consistent with the CLEO measurements. The authors have obtained a shape substantially different from the Chernyak-Zhitnitsky one because they have chosen a significantly smaller value of the second moment, and, more importantly, they have taken all the moments of the wave function into account. Their results support the conclusions reached previously in Refs. [6, 7] . The QCD factorization theorems predict that the hadron-hadron cross section can be obtained by the convolution of parton distribution functions and a cross section of the corresponding hard scattering subprocess. The parton distributions are nonperturbative, process-independent quantities, which are specific to any given hadron. The hard scattering cross sections are independent of all long distance effects and can be found by means of pQCD. In the framework of pQCD, the higher order corrections to the hard scattering, and therefore to the hadron-hadron process cross sections, have been calculated [17] . These corrections are large and change the leading order results considerably. Other corrections to the hadron-hadron process cross sections and its different characteristics come from the higher twist (HT) terms.
By taking these points into account, it may be asserted that the analysis of the higher twist effects on the dependence of the meson wave function in single pseudoscalar and vector meson production at photon-photon collisions are significant in both theoretical and experimental studies. Much effort has recently been devoted to the study of exclusive processes involving large transverse momenta within the context of perturbative quantum chromodynamics (QCD). Here, as in other applications of perturbative QCD, photon-induced reactions play an important role. In [18] have been studied photon-photon anihilation into two mesons at large center-of-mass angles θ c.m. . The higher-twist contributions to high-p T inclusive meson production in two-photon collisions, a single meson inclusive photoproduction and jet photoproduction cross sections were studied by various authors [19] [20] [21] . As experiments examining high-p T particle production in two-photon collisions are improved, it becomes important to reassess the various contributions which arise in quantum chromodynamics. Predictins for the higher-twist contributions, orginally obtained in Ref. 22 , may now be refined using the exclusive-process QCD formalism devoloped in [23] . Another important aspect of this study is the choice of the meson model wave functions. In this respect, the contribution of the high twist Feynman diagrams to a single meson production cross section in photon-photon collisions has been computed by using various meson wave functions. Also, the leading and high twist contributions have been estimated and compared to each other. Within this context, this paper is organized as follows: in section II, we provide some formulae for the calculation of the contribution of the high twist diagrams. In section III, we provide the formulae for the calculation of the contribution of the leading twist diagrams and in section IV, we present the numerical results for the cross section and discuss the dependence of the cross section on the meson wave functions. We state our conclusions in section V.
II. CONTRIBUTION OF THE HIGH TWIST DIAGRAMS
The high twist Feynman diagrams, which describe the subprocess γq → Mq contributes to γγ → MX for the meson production in the photon-photon collision are shown in Fig.1(a) .
The amplitude for this subprocess can be found by means of the Brodsky-Lepage formula to the investigation of exclusive processes [25] , but also to the calculation of higher twist corrections to some inclusive processes such as large-p T dilepton production [26] , two-jet+ meson production in the electron-positron annihilation [27] , ets. The q 1 q 2 spin state used in computing T H may be written in the form 2) where ε ± = ∓(1/ √ 2)(0, 1, ±i, 0) in a frame with (p M ) 1,2 = 0 and the N s s 1 s 2 project out a state of spins s, and p M is the four-momentum of the final meson. In our calculation, we have neglected the meson mass. Turning to extracting the contributions of the high twist subprocesses, there are many kinds of leading twist subprocesses in γγ collisions as the background of the high twist subprocess γq → Mq, such as γ + γ → q + q. The contributions from these leading twist subprocesses strongly depend on some phenomenological factors, for example, quark and gluon distribution functions in meson and fragmentation functions of various constituents etc. Most of these factors have not been well determined, neither theoretically nor experimentally. Thus they cause very large uncertainty in the computation of the cross section of process γγ → MX. In general, the magnitude of this uncertainty is much larger than the sum of all the high twist contributions, so it is very difficult to extract the high twist contributions.
The Mandelstam invariant variables for subprocesses γq → Mq are defined aŝ
In our calculation, we have also neglected the quark masses. We have aimed to calculate the single meson production cross section and to fix the differences due to the use of various meson wave functions. We have used six different functions: the asymptotic wave function ASY, the Chernyak-Zhitnitsky [2, 5] and the wave function in which two non-trivial Gegenbauer coefficients a 2 and a 4 have been extracted from the CLEO data on the γγ ⋆ → π 0 transition form factor [28] and Braun-Filyanov wave function [7] . In ref. [28] , the authors have used the QCD light-cone sum rules approach and have included into their analysis the NLO perturbative and twist-four corrections. They found that in the model with two nonasymptotic terms, at the scale µ 0 = 2.4GeV . For ρ-meson we used Ball-Braun wave function [29] . In order to proceed to numerical calculations we have to use the explicit expressions for the ρ meson wave functions. They are defined by means of the following 4) for the transversely polarized ρ meson, ρ T ≡ ρ h=±1
T ρ are the dimensional constants which determine the values of the wave functions at the origin, and
In Eqs.(2.4), (2.5) and (2.6), d(z), u(z) and A µ (σ) are quark and gluon fields, ǫ T µ is the polarization vector, and |ρ L (p) , |ρ T (p) are the longitudinally and transversely polarized ρ meson states with the momentum p.
where
GeV is the pion and ρ mesons decay constants, a = 0.7, b = 1.5 for both longitudinally and transversely polarized ρ meson [29] .
Here, we have denoted by x ≡ x 1 , the longitudinal fractional momentum carried by the quark within the meson. Then, x 2 = 1 − x and x 1 − x 2 = 2x − 1. The pion and ρ meson wave function is symmetric under replacement
The values of the pion wave function moments < ξ n > are defined as
Here, Φ π (ξ) is the model function without f π and ξ = x 1 − x 2 . The pion wave function moments have been calculated by means of the QCD sum rules method by Chernyak and Zhitnitsky at the normalization point µ 0 = 0.5GeV . They are equal to
The Chernyak-Zhitnitsky pion model wave function has the following moments
It is interesting to note that the corresponding moments of the asymptotic wave function differ considerably from those in Eqs.(2.9), (2.10) 2.11) This means that the realistic pion wave function is much wider than the asymptotic one [5, 30] . The model functions can be written as 
13)
The evolution of the wave function (DA) on the factorization scale Q 2 is governed by the functions a n (Q 2 ),
14)
In Eq.(2.14), {γ n } are anomalous dimensions defined by the expression,
The constants a n (µ 2 0 ) = a 0 n are input parameters that form the shape of the wave functions and which can be extracted from experimental data or obtained from the nonperturbative QCD computations at the normalization point µ 2 0 . The QCD coupling constant α s (Q 2 ) at the two-loop approximation is given by the expression
Here, Λ is the QCD scale parameter, β 0 and β 1 are the QCD beta function one-and two-loop coefficients, respectively,
For completennes we give the sum rules for the ρ-meson wave functions moments ξ = dξξ n φ(u, µ) [29] .
Here the vacuum condensates are equal to [31] 
The higher-twist subprocess γq → Mq contributes to γγ → MX through the diagram of Fig.1(a) . We now incorporate the higher-twist(HT) subprocess γq → Mq into the full inclusive cross section. In this subprocess γq → Mq, photon and the meson may be viewed as an effective current striking the incoming quark line. With this in mind, we write the complete cross section in formal analogy with deep-inelastic scattering,
Here G q/γ is the per color distribution function for a quark in a photon. The subprocess cross section for π, ρ L and ρ T production 20) where
where Q 2 1 =ŝ/2, Q 2 2 = −û/2, represents the momentum squared carried by the hard gluon in Fig.1(a) , e 1 (e 2 ) is the charge of q 1 (q 2 ) and C F = . The I M factors reflect the exclusive form factor of the meson and are discussed thoroughly in [20] , as is the motivation the arguments of α s and I M . Note that the relation between I M and the meson form factor completely fixes the normalization of the higher-twist subprocess.
The full cross section for π and ρ L production is given by 21) In (2.21), the subprocess invariants areŝ = xs,
longitudinal and transverse momentum of the meson. In terms of these the rapidity of M is given by
where m T -is the transverse mass of meson, which is given by
As seen from (2.20) the subprocess cross section for longitudinal ρ L production is very similiar to that for π production, but the transverse ρ T subprocess cross section has a quite different form. We have extracted the following high twist subprocesses contributing to the two covariant cross sections in Eq.(2.19)
As seen from Eq.(2.21), at fixed p T , the cross section falls very slowly with s. Also, at fixed s, the cross section decreases as 1/p 5 T , multiplied by a slowly varying logarithmic function which vanishes at the phase-spase boundary. Thus, the p T spectrum is fairly independent of s expect near the kinematic limit.
III. CONTRIBUTION OF THE LEADING TWIST DIAGRAMS
Regarding the high twist corrections to the meson production cross section, a comparison of our results with leading twist contributions is crucial. The contribution from the leadingtwist subprocess γγ →is shown in Fig.1(b) . The corresponding inclusive cross section for production of a meson M is given by
Here s, t, and u refer to the overall γγ → MX reaction. D 
We should note that D(z, −t)/z behaves as 1/z 2 as z → 0. For the kinematic range considered in our numerical calculations, D(z, −t)/z increases even more rapidly. We obtain of the final cross section, Eq.(3.2), are as follows: At fixed p T , the cross section decreases with s asymptotically as 1/s. At fixed s, the D(z, −t) function causes the cross section to decrease rapidly as p T increases towards the phase-spase boundary (z → 1). As s increases, the phase-spase boundary moves to higher p T , and the p T distribution broadens.
IV. NUMERICAL RESULTS AND DISCUSSION
In this section, the numerical results for higher twist effects on the dependence of the chosen meson wave functions in the process γγ → MX are discussed. We have calculated the dependence on the meson wave functions for the high twist contribution to the large-p T single pseudoscalar π + and vector ρ
T cross sections are, of course, identical. In the calculations, the asymptotic Φ asy , Chernyak-Zhitnitsky Φ CZ , Braun-Filyanov wave function [7] , and also, the pion wave function, from which two non-trivial Gegenbauer coefficients a 2 and a 4 have been extracted from the CLEO data on the π 0 γ transition form factor have been used [20] .
For ρ-meson we used Ball-Braun wave function [29] . In the ref. [28] , authors have used the QCD light-cone sum rules approach and included into their analysis the NLO perturbative and twist-four corrections. For the high twist subprocess, we take γq → Mq and we have extracted the following two high twist subprocess
contributing to γγ → MX cross sections. Inclusive meson photoproduction represents a significant test case in which higher-twist terms dominate those of leading twist in certain kinematic domains. For the dominant leading twist subprocess for the meson production, we take the photon-photon annihilation γγ → qq, in which the M meson is indirectly emitted from the quark. As an example for the quark distribution function inside the photon has been used [32] . The quark fragmentation function has been taken from [33] . The other problems dealth with are the choice of the QCD scale parameter Λ and the number of the active quark flavors n f . The high twist subprocesses probe the meson wave functions over a large range of Q 2 squared momentum transfer, carried by the gluon. Therefore, we take 
) and R(Φ ρ T (x, Q 2 )) have been calculated. We have found that the distinction R(Φ asy (x)) and R(Φ CLEO (x, Q 2 )) is small, whereas a distinction between R(Φ asy (x)) with Table I . Thus, the distinction between
) is maximum at p T = 2GeV /c and decreases with an increase in p T . Such a behavior of R may be explained by reducing all moments of the meson model wave functions to those of Φ asy (x) for high Q 2 . In Fig.4 , the ratio R = Σ HT M /Σ LT M is plotted at p T = 7GeV /c as a function of the rapidity y of the meson for the different meson wave functions. As we are now in the high energy region, the change of the rapidity to determine these relations is given by 
) and R(Φ ρ T (x, Q 2 )) have been calculated. We have found that the distinction R(Φ asy (x)) and R(Φ CLEO (x, Q 2 )) is small, whereas a distinction between Table II .
Thus, the distinction between R(Φ asy (x)) and R(Φ CLEO (x, Q 2 )) is maximum at y = −2.25,
and 
) and R(Φ ρ T (x, Q 2 )) have been calculated. We have found that the distinction R(Φ asy (x)) and R(Φ CLEO (x, Q 2 )) is small, whereas a distinction between Table III . Thus, the distinction between R(Φ asy (x)) with R(
and R(Φ ρ T (x, Q 2 )) is maximum at p T = 100GeV /c and decreases with an increase in p T . In 
and R(Φ ρ T (x, Q 2 )) have been calculated. We have found that the distinction R(Φ asy (x)) and Table IV . Thus, the distinction between R(Φ asy (x)) and R(Φ CLEO (x, Q 2 )) is maximum at y = −2.25, but the distinction between 
V. CONCLUDING REMARKS
In this work, we have calculated the higher twist contribution to the large-p T meson production cross section to show the dependence on the chosen meson wave functions in the process γγ → MX. 
